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CHANGES IN THE J O URNA L: 
A Statement by the Editor 
The fourth issue of volume 46 is a product of transition from the 
editorship of Dr. R. E. Buchanan, who was the initial editor of the 
Journal. 
Beginning with the first is sue of volume 4 7, the title of the Jour -
nal will be changed from Iowa State Journal of Science to Iowa Stat_e __ 
JoUrnal of Research. This change in title reflects not Mcessarily a dif-
ferent dit='"ection but rather a wider pathway. Whereas editorial policy 
for the Journal throughout its history has emphasized research in the 
physical and biological sciences, the intent now is to widen the area of 
service to include contributions in research from the humanities, tech-
nology, and the arts as well as the sciences , 'including biological, phys -
ical, and social. Scholarly manuscripts in these areas are solicited and 
should be sent to Ellis A. Hicks, 201 Beardshear Hall, Iowa State Uni-
versity, Ames, Iowa 50010. 
_Increase in the area of scholarly endeavor which the new Journal 
is meant to accomodate has necessitated the formation of an Adminis -
trative Board and an Editorial Board. Both earnestly agree on the advi-
sability of instituting a policy of refereeing for all manuscripts sub_..-
mitted. Reviews of manuscripts will be obtained from appropriate 
sources within and outside Iowa State University. 
Instructions and guidelines on matters of style will be published 
in the first issue of volume 47. Meanwhile, the second edition of Style 
Manual~ Biological Journals is being used as the major referenc-e--
source. 
NOTICE 
An annual Directory of Environmental Consultants will be pub-
lished beginning in 1972. Environmentally concerned professionals in-
terested in having their name and short resume appear in the Directory 
should send a No. 10, self-addressed, stamped envelope to: Directory 
of Environmental Consultants, P. 0, Box 8002, University Station, St. 
Louis, :rv1.issouri 73108. 
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COMPARISON OF SEVERAL METHODS OF GROWING-DEGREE-UNIT 
CALCULATIONS FOR CORN (ZEA MAYS L. )1 
Celestino Aspiazu2 and Robert H. Shaw3 
Department of Agronomy 
Iowa State University 
of Science and Technology 
Ames, Iowa 
ABSTRACT. Six methods of growing-degree-unit calculation for dent 
corn were evaluated: (1) degree -days above 50 ° F, (2) the so-called 
U.S. Weather Bureau method, with 50 ° Fas base tempe r ature and 86° F 
as maximum; (3) the U.S. Weather Bureau method, modified with 40 ° F 
as base minimum temperature and 86 ° Fas optimum temperature, the 
base level still being 50° F; (4) degree-days above 50° F, as developed 
by Newman and Blair; (5) the Brown method; and (6) a modification of 
the last, made by considering 50 ° F rather than 40 ° F as the night 
threshold. Experimental data from 12 locations in the Corn Belt cover -
ing periods of 1 to 3 years were used for testing. Years considered 
were 1966, 1967, and 1968. Daily growing-degree units were summed 
for the periods from planting to silking, emergence to silking, planting 
to maturity, and silking to maturity. Maturity' was defined as 3<1'/o 
moisture. The growing-degree unit sums for each individual hybrid 
were grouped together, regardless of planting dates, year, and loca-
tions, and tested for uniformity of values. The method giving the least 
variability of these values was considered the best for prediction of phe-
nological events. This variability was measured for each hybrid by 
considering the standard deviation of the growing-degree sums, trans -
formed to its equivalent in days (obtained by dividing the standard devi-
ation by the average value of the daily growing-degree units accumu-
lated during the phenological period considered). The method with the 
least variability is the Brown-40 method. 
Prediction of specific stages of growth and development in crops is 
1Journal Paper No. J - 7128 of the Iowa Agriculture and Home Econom-
ics Experiment Station, Ames, Iowa. Project No. 1852. 
2Formerly Graduate Student, Agricultural Climatology, Department of 
Agronomy, Iowa State University; now Member Facultad de Agronornia 
y Veterinaria, Universidad de Buenos Aires, Buenos Aires, Argentina. 
3 The authors express sincere appreciation to Dr. David F. Cox (Pro-
fessor of Statistics, Iowa State University) for his counsel with the sta-
tistical analyses. 
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a matter of interest to many people. Plant breeders want to know in 
advance the flowering time because plants that flower at the same time 
can readily be eras sed. Crop producers want to know the duration of 
growth cycles so that maturity ratings can be developed that will allow 
for each variety to be sown at its proper geographical place and time. 
This reduces or avoids frost damage to crops, which results from using 
varieties that fail to mature in normal years because of too long a 
growth period. Corn maturity ratings can also be used as an aid in cal-
endarizing corn harvesting. 
The rates of most physiological process es occurring in plants de -
pend upon a complex of external and internal conditions. One of the 
most important external factors is the environmental temperature. The 
various methods of heat or growing-degree unit designations were de -
veloped on the assumption that a given stage in the development of a 
plant was reached when the plant had received a specific amount of tem-
perature accumulation above a specific base, independent of the calen-
dar period involved. This reasoning gave origin to the heat-unit ap-
proach, more properly called a temperature unit because temperature 
units, not heat units, are used in calculating the values. In this paper, 
we will use growing-degree units, the current name generally given to 
such data, and report on the evaluation of the accuracy with which sev-
eral different methods of growing-degree -unit calculations characterize 
plant growth and development. 
LITERATURE REVIEW 
The literature on growing-degree units is extensive and will not be 
reviewed in its entirety. Reviews by Nuttonson (1953), Holmes and Ro-
bertson (1959) and Wang (1960, 1963) are available for those interested 
in more extensive information. Almost all indexes fall under one of the 
following basic types: (1) exponential (Price, 1911; Livingston and Liv-
ingston, 191.3), (2) physiological (Livingston, 1916; Brown, 1960), (3) re-
mainder (Nuttonson, 1955, 1957; Gilmore and Rogers, 1958; Holmes and 
Robertson, 1959), and (4) evapotranspiration (Thornthwaite, 1952). 
The exponential index assumes that, for a 10 ° C increase in tem-
perature, the growth rate doubles. Livingston and Livingston (1913) ex-
pressed this as 
u = 2(t-40)/18 (1) 
where u was the growth index; t, the temperature in degrees Fahren-
heit; and 40, the threshold temperature. This method has been criti-
cized because it assigns high efficiencies to temperatures too high for 
optimum growth (Katz, 1952). Exponential type indexes were not tested 
in our study. 
A physiological type of index is one based on the physiological re -
sponse of plants to temperature and often has been developed from data 
produced under controlled conditions. Brown (1960) developed equations 
for soybeans from growth-chamber data. His (1969) equations for corn 
were developed from field data. The effect of the maximum tempera-
ture, in ° F, was obtained from the equation 
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Y =l.85(T -50)-0.026(T -50) 2 (2) 
max max max 
This assumes a parabolic response curve to temperature. The contri-
bution of nighttime temperatures was calculated by 
y min= Tmin - 40 (3) 
His growing-degree units (H) were obtained by 
H = (Y + Y . ) / 2 
max min 
(4) 
The method using equation 4 (called Brown-40) and another method in 
which the effect of minimum temperatures was expressed by equation 3 
with a minimum base of 50 (called Brown-50) rather than a minimum 
base of 40 were tested in our study. 
The remainder index accumulates units above a base temperature. 
In its simplest form, it is calculated by 
Max+ Min 
2 
- 50 (5) 
where 50 degrees is assumed as the base temperature. This method 
(H) was tested in our study . The remainder index can also be modi-
fied as to the base temperature s used (Gilmore and Rogers, 1958). An 
adaptation of their method in which all maximum temperatures above 
86 are designated as 86 and all minimum temperatures below 50 are 
designated as 50 was tested. This is called Weather Bureau (WB) 50-
86 because it is the procedure now used by the National Weather Service, 
formerly the Weather Bureau. It assumes a linear growth rate between 
50 and 86, with all maximum temperatures of 86 or greater having the 
same effect on growth. A modification of this also was used in which 
40° F was used as the base temperature instead of 50° F and is desig-
nated by WB 40-86. 
Another modification of the remainder system (Newman and Blair, 
1969) also was tested. They proposed the following modification to the 
basic daily heat-unit equation: 
"When daily mean temperatures average 75 ° F or higher and 
the maximum exceeds 90 ° F (32. 2 ° C), subtract, from the degree 
day accumulation that results, the amount the maximum exceeds 
90 ° F for the day. This largely eliminates the excessive accumu -
lation of degree days in dry, hot climates where corn is usually un-
der water stress during the hot part of the day. 11 
They proposed another modification to be applied in high, cool 
mountain climates or under long, cool midsummer days in northern 
United States and southern Canada to take into account daily mean tem-
peratures below 60 ° F: 
"When the daily mean is 5 0 ° F or above, but under 60 ° F, and 
the maximum exceeds 65 ° F, add, to the degree days accumulation 
the amount the maximum exceeds 65 ° F." 
DATA AND PROCEDURE 
The basic information used in this study came from agricultural 
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experiment station and hybrid corn company data and covers periods of 
1 year to a maximum of 3 years from any one site. Growing seasons 
considered were 1966, 1967, and 1968; 43 dent-corn hybrids were tested. 
The weather data required to compute growing -degree unit values 
came from records of nearby U.S. Weather Bureau meteorological sta-
tions; or, for some locations, from records taken in the same field 
where the corn was planted. If these latter recoPds- were not complete, 
data from the nearest official station were used to supply missing data. 
The phenological data available for this study lacked uniformity be-
cause they were taken by different observers without uniform criteria. 
Some emergence data had to be estimated from other available data. 
Silking data were recorded at some sites as date 50% silked; at other 
sites, as date 75% silked, The 30% grain moisture date used to estimate 
maturity frequently had to be interpolated between two harvest dates. 
This value also reflects different maturity stages in different varieties. 
A better estimator would have been the black line method (Rench and 
Shaw, 1971), but such data were not available. This lack of uniformity 
in the phenological data contributed to the variation measured in the 
growing -degree units. 
A computer program prepared by Felch4 was used to compute daily 
growing-degree values. Phenological periods considered were (1) aver -
age planting date to average silking date, (2) average emergence date to 
average silking date, (3) average planting date to average maturity date, 
(4) average emergence date to average maturity date, and (5) average 
silking date to average maturity date, 
Three (Ankeny, Kanawha, and Sutherland) of the 12 sites used were 
located on experimental farms of the Iowa Experiment Station; the re -
maining sites were located on farms maintained by commercial corn 
breeders near Washington, Hampton, and Johnston, Iowa; Willmar and 
North Mankato, Minnesota; Carrollton, Missouri; York, Nebraska; and 
Yellow Spring, Ohio. 
Daily growing-degree units for each hybrid were summed during 
each phenological period considered. All sums obtained for a given hy-
brid in a particular growth period were statistically analyzed by group-
ing, regardless of planting dates, seasons, or locations. Arnold (1959) 
proposed a way of calculating the standard deviation in days (s d) from 
the standard deviation in growing-degree units by the equation: 
s =s / x -t 
d H t b 
( 6) 
in which SH is the standard deviation in growing-degree units, xt is the 
mean temperature for the entire series of plantings U_EOn which the sH 
is based, and tb is the base temperature. Obtaining Xt requires extra 
calculations if mete0rological data from sources other than official 
weather stations are used, Furthermore, this form of calculation is 
useful only for degree -day summations in their simplest form; i.e., 
without corrections for low or high temperatures. Since this paper also 
4 Felch, Richard E. 1970. Computer program for growing-degree-unit 
calculation, Iowa State University, Ames, Iowa. Private communication, 
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deals with other methods, the formula had to be modified slightly. The 
denominator 54 - tb, is equivalent to the total growing-degree units cor -
responding to a given phenological period divided by the number of days 




XDH is the average daily growing-degree unit for all plantings of a giv-
en period. Introducing this into formula (6) gives 
( 9) 
In its new form, the equation can be applied to any method of growing -
degree -unit calculation. 
The standard deviation in days, sd, may be considered as the 
weighted value of the growing-degree -unit standard deviation because 
the latter is expressed by its mean daily growing-degree-unit value . 
sd values are believed to be the best method of evaluating growing-de -
gree -unit calculations since they express the variation in days. 
A test given by Snedecor and Cochran (1967) was used to evaluate 
the equality of variances calculated for the different methods. The test 
criterion is F = sd 2 / sd 2 , where sd 2 is the larger variance. In this 
1 z 1 
comparison, the smallest sd2 value for each hybrid was tested against 
the largest variance for the same hybrid, regardless of the growing-de-
gree -unit method that provided the variances . The null hypothesis 
tested was that sd 2 and sd 2 were independent random samples from 
1 z 
normal populations with the same variance fcr2). Snedecor and Cochran 
presented a two-tailed table for the 5% significance levels of F, which 
was used to test the null hypothesis. 
RESULTS AND DISCUSSION 
The. method giving the least variation among growing degree units 
sums for a particular phenological interval was considered the best heat 
unit expression for the temperature effects on corn growth and develop-
ment. 
In the present work, the highest frequency of small sd values was 
obtained from the Brown-40 method. The average sd values (Table 1) 
are smallest for this method; each value is the average of the sd values 
found for the 43 hybrids analyzed. The Bro wn-40 method yielded more 
consistent values for different periods, seasons, and locations. It 
yielded the lowest sd value in 72% of the cases in the period extending 
from planting to silking, 51% from emergence to silking, 88°/o from plant-
ing to maturity and from emergence to maturity, but only 1 CJ'lo from silk-
ing to maturity. From silking to maturity, the Brown-50 method had the 
lowest sd. Values for the other methods were, respectively, 19, 16, 9, 
9, 77 for Brown-50; 2, 28, 5, 2, 2 for Newman's method; 7, 16, 2, O, 
2 for WB40-86; 7, 5, 2, 2, 19 for WB50-86; 2, 9, 0, 0, 0 for H50. 
As an average, less than.±. 5 days of deviation would be expected 
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Table 1. Average of the sd values obtained by the several methods of g rowing-degree -u nit 
calculations when applied to 43 hybrids for each phenological period. 
Average s d values 
Period H-50 WB50 - 86 WB40-86 Newman Brown-40 Brown-50 Days 
Planting to silking 6. 3 5 . 3 5 . 6 5 . 9 4.5 4.7 5 . 1 
Emergence to s ilking 5.4 5 . 0 4.9 5 .1 4 . 7 4.7 5 . 1 
Planting to maturity 9. 1 6.8 7. 5 8 .0 4 . 5 4.9 7 . 1 
Emergence to maturity 8. 5 6 . 7 7. 1 7 . 5 4.8 5.2 7.5 
Silking to maturity 7.2 4. 9 6. 1 6. 3 4.4 4.1 6 . 0 
Table 2. Weekly growing -degree units calculated by different methods during October a n d 
November, 1967, at Sutherland, Iowa. 
Methods of Calculation 
Date H-50 WB50-86 WB40-86 Newman Brown-40 Brown - 50 
1 0/8 10 6 113 105 107 146 1 19 
10/ 15 29 44 30 31 71 60 
10 / 22 14 56 23 18 80 78 
10 / 29 20 25 20 20 34 29 
11 / 5 11 11 
1 1 / 12 27 45 42 
11 / 19 1 3 12 
11 / 26 0 0 0 
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when predicting phenological phases with the Brown-40 method. As a 
counterpart, H50 almost always showed higher sd values than any of the 
other methods used and also had a higher average. When the variation 
was calculated on the number of calendar days in each phenological peri-
od, the sd values (under days in Table 1) for phenological periods up to 
silking were very similar to those obtained by growing-degree-unit cal-
culations, but when the period went to maturity, the sd values were lar-
ger than values for WB50-86, Brown-40 and Brown-50. 
Although the Brown-40 method consistently had a lower sd , the 
results reported here do not show any conclusive evidence indicating the 
superiority of any of the methods tested; i.e., statistical tests did not 
show that the Sci values (or variances) were significantly different. 
With the relatively few location years available, however, a large dif-
ference would be necessary to show significance. Brown's methods did 
show a higher sensitivity than did the other methods to chang.es in tem-
perature during the decreasing temperature period at the end of the 
growing season. Table 2 is presented as an example of this. Presum-
ably this method would show the same effect for early spring tempera-
tures. 
Climatic conditions prevalent during the different growing seasons 
help to explain part of the variability obtained in the growing-degree -
unit sums. Past work has shown that, from planting to maturity, higher 
growing-degree -unit sums tend to accumulate in years well above nor -
mal in temperature, with the inverse situation in below-normal years. 
Of the years we used, 1966 was considered a warm year; 1967, cool; and 
1968, cool and dry. There was some evidence of this effect in our study. 
All methods showed a higher average growing-degree -unit accumulation 
from planting to maturity for 1966 than for 1967 or 1968, with nearly all 
varieties also showing the highest accumulation for 1966. For the Brown-
40 and Brown-50 methods, however, this variety effect was not consis -
tent for individual varieties (only 70% of the varieties showed the highest 
accumulation in 1966), and the average difference was only about 100 
growing -degree units. The number of years of data available was not 
adequate to permit a satisfactory testing of this effect. Soil-moisture 
availability often complicates the picture, depending upon the time of 
occurrence of the water shortage and its duration. No information was 
available to evaluate this in the present study. The lack of uniformity 
in the available phenological observations also was a contributing factor 
to the variation. 
CONCLUSIONS 
The results indicate further investigation should be made con Brown's 
method, with emphasis on understanding the variability resulting from 
using different base temperatures, particularly in the period from silk-
ing to maturity. Data adequate to explain the different magnitudes of 
growing-degree -unit sums in hot and cool years are also needed. For 
the emergence and early growth period, soil temperatures might im-
prove the accuracy of the estimates. Growing -degree units can improve 
the accuracy of predicting maturity of corn over calendar day techniques, 
but they need further improvement before a precise prediction can be 
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obtained. 
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THE CLIMATOLOGY OF GROWING DEGREES IN IOWA1 
R. E. Felch, R. H. Shaw and E. R. Duncan2 
Department of Agronomy 
Iowa State University 
of Science and Technology 
Ames, Iowa 
ABSTRACT. The climatological history of growing degrees in Iowa dur -
ing the past 40 years is discussed in some detail. A comparison of 
first-order and cooperative stations indicates that first-order stations 
accumulate about 100 more heat (growing-degree) units than do coopera-
tive stations in the same area. Stations where observations are taken 
in the evening accumulate more heat units than those where observations 
are taken in the morning. Monthly, weekly, and seasonal summaries 
are presented for ten stations. 
The concept of a relationship between temperature and the rate at 
which a plant grows and develops is well established; the question is how 
to define this relationship quantitatively. Over a period of years, many 
so-called "heat unit " systems have been developed as a tool for evaluat-
ing this relationship. Aspiazu (1971) classified these indexes as expo-
nential (Livingston and Livingston, 1913), physiological (Livingston, 
1916; Brown, 1960, 1969) and remainder (Gilmore and Rogers, 1958). 
Such systems provide a means of determining the requirements for a 
crop to reach a particular stage of development; and, therefore, make 
possible a prediction of when the crop will reach that particular stage of 
development. 
A grower needs to select varieties that will fully use the growing sea-
son, or varieties that will space harvesting so that available equipment 
can be most fully used. At the same time, a grower wants to be certain 
that the varieties will mature before frost in most years . An accurate 
evaluation of the maturity requirements of a particular variety is impor -
tant to him. Many seed corn companies have used a "number of days to 
maturity" procedure for estimating the time from planting to maturity 
for each variety. These ratings are highly variable because they cannot 
take into account the year -to year variation in temperature conditions, 
Journal Paper No. J - 7140 of the Iowa Agriculture and Home Econom-
ics Experiment Station, Ames, Iowa. Project No. 1852, a contributing 
project to North Central Regional Project NC-94. 
2 Research Associate; Professor, Agricultural Climatology; and Exten-
sion Agronomist, Agronomy Department, Iowa State University. 
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which is important in affecting the rate of plant development. In addi-
tion, the standards used for determining " maturity" have varied among 
companies. For any system to be useful, standardized procedures need 
to be established and used. 
At a meeting in Ames, Iowa, in February 1970, representatives of 
the seed-corn industry agreed on common procedures for evaluating 
maturity and the maturity requirements for their varieties. The 11 b lack-
layer11 procedure was accepted as the criterion for maturity (Daynard 
and Duncan, 1969), and the system accepted for evaluating the maturity 
requirements of the varieties was that proposed by the Environmental 
Data Service (EDS) of the National Oceanic and Atmospheric Adminis -
tration in Washington, D. C. This system was adapted from one method 
proposed by Gilmore and Rogers (1958). 
To utilize such a system, a climatological history of growing degrees 
in the Corn Belt was needed. Climatologists at Iowa State University 
agreed to prepare the necessary data on the climatology of growing de -
grees in Iowa. The purpose of this paper is to describe the procedures 
used and to present the results obtained. 
METHODS AND PROCEDURES 
Growing-Degree Units (H) were calculated from maximum daily tem-
perature, Tmax• and minimum daily temperature, Tmin• by the formu-
la: 
T + T . 
H _m_a_x ___ m_1n_ _ 5 0 0 F. 
2 
Restrictions are placed on values of maximum and minimum tempera-
ture. If the Tmax is greater than 86 ° F, Trnax is set equal to 86 ° F 
before the calculations are made. If the Tmin is less than 50 ° F, the 
Tmin is set equal to 50° F. This is the procedure used by the EDS. 
The temperatures of 50 ° F and 86 ° F represent the minimal and optimal 
temperatures for growth or development in many crops including corn 
and soybeans. At te lnperatures below 50 ° F, only slow growth occurs. 
As temperatures increase above the optimum, growth actually may be 
reduced; this system, however, assumes that the rate of growth, or de-
velopment, continues at the maximum rate as temperatures increase 
above 86 ° F. A linear relationship between growth rate and temperature 
is assumed between 50 ° F and 86 ° F, an approximation to the true rela-
tionship. The growing-degree units were calculated for each day be-
tween March 1 and October 31, with both daily and accumulated values 
determined. 
There were two reasons for selecting the EDS system: (1) it is rela-
tive simple to use and (2) considerable information on it is already 
available. The data now available come from a relatively sparse net-
work of stations. First-order stations are those manned 24 hours a day, 
and are generally located in or near large cities. Des Moines is the on-
ly station used in Iowa by the EDS. 
A more detailed network of stations seemed necessary to evaluate 
accurately the growing-degree situation in Iowa. Growing degrees were 
calculated for ten stations in Iowa which are considered representative 
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of agricultural a1•eas: Ames, Cedar Rapids, Clarinda, Corydon -Miller -
ton, Denison, Fairfield, Fayette, Mason City, Rock Rapids and Storm 
Lake. The location of each station is shown in Figure 1. A description 
of each station is given in Appendix I. All these stations have been used 
in previous climatic studies because they represent typical agricultural 
area stations with a long series of weather observations. 
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In addition, growing-degree units were calculated for several sta-
tions in states bordering Iowa: Mt. Carroll and Monmouth, Illinois; 
Waseca and Worthington, Minnesota; Tarkio and Unionville, Missouri; 
Sioux Falls, Vermillion, and Centerville, South Dakota; and Viroqua 
and Darlington, Wisconsin. The information from these stations is par -
ticularly useful in the drawing of isolines on any map. Data for loca-
tions outside of Iowa are included in Appendix II. 
Calculations were made for each day from March 1 to October 31 for 
each station. The data presented in this paper are the normals for the 
period 1941-70. The 1941-70 period corresponds to the new normals 
being developed by the EDS. The March 1 starting date corresponds to 
both the beginning of the climatological year and the starting point for 
accumulations by the EDS, as published in the Weekly Weather and Crop 
Bulletin. 
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Restrictions on the growing season: 
Calculations were carried out from March 1 to October 31 for each 
year, In Iowa the actual growing season is restricted by low tempera-
tures at both ends of this period. Because practical application of this 
information is greatest during the growing season, the "available" 
growing season must be determined, 
Guidelines were established to serve as definitions of the growing 
season, The starting point in the spring should correspond to the plant-
ing date. Because planting dates cover a wide range of dates in Iowa, 
calculations were made for a number of starting dates to provide greater 
flexibility in the use of the data. The "climatological week" beginning 
May 3 is representative of the time when much of the corn is planted in 
Iowa; this was selected as the starting point ·for discussion purposes in 
this paper. The information for other starting dates is presented in 
tabular form. 
Accumulations should be terminated when growth ceases, whether it 
is due to a killing frost or to normal senescence. Additional growing 
degrees after either event are of no use to the crop and its development. 
With this in mind, the following restrictions were placed on the calcula-
tions. 
(1) Occurrence of a "killing frost, " defined as when a tempera-
ture of 30 ° F or lower occurred, terminating the period of 
growth and accumulation of growing-degree units. 
(2) If a killing frost did not occur by the following dates, we 
assumed that normal senescence had occurred and that the 
period of growth was terminated: 
a) October 10 in the northern third of Iowa (Rock Rapids, 
Storm Lake, Fayette, Mason City) and all Minnesota, 
South Dakota, and Wisconsin stations. The average date 
of the first 30° For lower temperature in the fall is Octo-
ber 1-5 in northern Iowa. 
b) October 15 in the central third of Iowa (Denison, Ames, 
Cedar Rapids, and Mt. Carroll, Illinois). The average 
date of the first 30 ° F or lower temperature in the fall is 
around October ll -12 in central Iowa. 
c) October 20 in the southern third of Iowa (Clarinda, Cory-
don, Fairfield) and in Monmouth, Illinois and both Missouri 
stations. The average date of the first 30 ° F or lower 
temperature in the fall is around October 16-17 in southern 
Iowa. 
With these restrictions taken into consideration, the number of grow-
ing degrees accumulated each year between the various starting dates 
and the endpoint for each year were calculated. These values were then 
ranked in order from the smallest to the largest accumulations. From 
this ranking, probability levels could be established. The level of prob-
ability that should be used is dependent on both the crop involved and the 
particular situation. Expected accumulations were calculated for sever -
al probability levels and are presented in tabular form to allow the read-
er to use the information appropriate to his needs. 
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RESULTS AND DISCUSSION 
Sets of data for several different periods were compiled in the course 
of this study. The most useful sets will be presented and discussed in 
some detail. Although this study was undertaken because of a particu-
lar need related to the corn industry in Iowa, this information should be 
useful for other crops and applications as well. 
Monthly normals: 
The growing-degree unit normals for each month from March through 
October are shown in Table 1 for each station. The average standard 
deviations for each month, averaged for all stations also are shown. 
Not all stations were tested for the normality of the distribution, but 
with the two tested, the summer months approached a normal distribu -
tion; early and late months were non-normal. The standard deviations 
between stations within each month were very uniform and could be com-
bined (Cochran, 1941). The mean values in Table 1 show that the month 
of July accumulates the greatest number of growing-degree units. The 
accumulations for any period of months desired can be obtained by add-
ing the monthly values. 
Table 1. The mean number of growing -degree units (H) for ten Iowa stations 
for each month (1941-70 normals), with a v erag e monthly standard 
deviat ions . 
Monthl:i:: mean number of growing-degree units 
Stat ion March April May June July August September October 
Rock Rapids 37 168 364 548 692 653 401 235 
Storm Lake 35 156 344 536 679 631 396 238 
Mason City 28 146 342 537 663 618 388 228 
Fayette 33 162 350 536 655 615 394 228 
Denison 50 183 378 565 705 663 427 257 
Ames 47 186 386 576 707 661 431 264 
Cedar Rapids 49 191 393 587 712 669 442 259 
Clarinda 78 234 435 619 745 701 480 301 
Corydon 67 214 420 609 746 707 485 303 
Fairfield 66 220 427 628 746 704 484 299 
Ave. Std. Dev . (sd) . 45 58 78 70 54 60 56 67 
When individual years were studied. we found that, in the 30-year 
period 1941-70, the accumulations of growing degrees in July were ex-
ceeded in August in 7 of the 30 years at Cedar Rapids, Corydon, Deni-
son, Fayette, Fairfield, and Mason City; 6 years out of 30 at Ames, 
Clarinda, and Storm Lake; and 10 years out of 30 at Rock Rapids. 
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The hottest month ever recorded during the 1941-70 period was July, 
1955 at all stations except Corydon and Fairfield, The growing -degree-
unit accumulation during July, 1955 ranged from 7 9 0 growing-degree 
units at Fayette to 854 growing -degree units at Clarinda. August, 194 7 
was the hottest month recorded at Corydon (846 growing-degree units) 
and Fairfield (855 growing-degree units). 
Climatic weeks: 
The data from each station also were summarized by climatic weeks 
beginning March 1. The mean values for individual weeks for each cli-
matic week from March 1 were determined. These values can be ob-
tained by requesting them from the address below. 3 
The weekly mean values for Ames, Iowa are shown in Figure 2. The 
seasonal fluctuations in weekly values follow a relatively smooth curve, 
with the peak accumulation occurring during climatic w eek July 26-

























CLIMATIC WEEK ENDING : 
Figure 2. The normal accumulation of H during each climatic week 
ending on the specified date at Ames, Iowa (Lased on 
194 1-70 ave rages ) . 
--
Climatology-Meteorology, Room 310, Curtiss Hall, Iowa State Univer -
sity, Ames, Iowa 50010. 
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Comparison by decades: 
The 4 decades from 1931 to 1970 were compared. The 1930's have 
been considered warmer than normal, and the 1960 1 s generally cooler 
than normal. We used the data from the Ames station for this compari-
son. On the average, May was wa rmer in the 1930's and 196 0's than in 
the 1940 's and 1950's. June and July were considerably w armer during 
the 1930' s than in any of the three other decades. August w as similar 
in all decades except 1961-70, when it w as, on the average, 40 to 50 
growing-degree units cooler. Ove r the entire season the 19 30' s accumu-
lated an average of 200 more growing -degree units per year than any 
other decade. 
A comparison of the 193 1-60 and 1941-70 normals shows that March, 
April, May, and June have essentially the same values. The 193 1-60 
normal for July was 19 growing-degree units higher than the 194 1-70 
normals; the August 1931-60 normal was 14 growing-degree units higher 
and the September 1931-60 normal was 29 growing-degree units higher. 
The October values for the two periods are almost equal. 
Growing season normals: 
If the state is divided into thirds along a north-south transect, the 
northern third of the state shows an average accumulation of 3, 000 grow-
ing-degree units from March 1 to Oct. 31. The central third shows 
3, 260 growing-degree units and the southern third, 3, 575 growing-de-
gree units, These values, however, do not represent the true growing-
season v alues, but extend considerably beyond it. The growing season 
in Iowa is limited by low temperatures both in the spring and in the fall. 
Because of this, the restrictions discussed in .our Methods and Proce-
dures section were placed on the growing season to obtain a data set that 
would be more useful for crop production. Planting time covers a wide 
range of dates in Iowa; thus the information was calculated for ten dif-
ferent starting dates, ranging from April 12 to June 14. For th~ ten 
Iowa stations, an analysis was made to determine the normality of the 
distribution of the growing-season, growing-degree units. The distri-
butions were found to be normal. A test developed by Cochran (1941) 
was used to test for uniform variance over the state. Although the test 
showed that the variances did not differ significantly, a t rend appeared 
across the state from north to south with increasing variance toward the 
south. We believed that if stations in adjoining states to the north and 
south had been tested, the greater distance involved would result in a 
much wider spread of the variances, with the test likely ~ to show them 
different. On this basis and without testing, we decided to average the 
variances of the stations in the northern, central and southern crop re-
porting districts separately and to use the three standard deviations ob-
tained for each period by this procedure to compute the probabilities of 
growing-degree units. The standard deviations used for each period are 
given in Table 2. The variances for Storm Lake and Co:rydon-Millerton 
appeared high relative to their geographic location. An examination of 
their station history showed location changes and time-of-observation 
changes believed to be great enough to influence the record (see Appen-
dix I), and these two stations were not used in computing the average 
variances. As the starting date becomes later and the period for which 
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the units are calculated becomes shorter, the standard deviation shows 
a decreasing trend, except for the last date. Another important fea-
ture is the lower variance at the northern stations where selection of a 
variety is more critical. For a May 3 planting date in about 2 / 3 of the 
years, the growing -de gree units at a northern Iow a station will be with-
in the interval, mean + 227 units . 
Because Storm Lake and Corydon-Millerton had both location c:.nd 
observation time changes, the question arises as to how these affect the 
mean value. To test this comparisons were made with Rock Rapids 
(for Storm Lake) and Clarinda (for Corydon-Millerton). Mitchell (1958) 
and Newman (1971) pointed out that an observational bias exists at the 
cooperative stations because of the times at which the thermometers 
are read and res et. The effect of this is to introduce a 1 ° to 2 ° upward 
bias for stations reading in the P. M. compared with g rowing-degree 
units calculated from hourly data. For a season, this may represent a 
150 growing -degree unit bias during a 3, 000 growing-degree unit sea-
s on. Changing from a P. M . to an A. M . reading could thus change the 
reading by 10 (+5% to -5% ). Compared with Rock Rapids, the loca-
tion change at Storm Lake had little effect, but changing the observation 
time to 8 A. M. produced a ratio between the two stations that was 11 % 
less than for the earlier period when both stations made observations 
in the evening. The 8 A. M. Storm Lake observations need to be in-
creased 11 % to make them comparable to 6 P. M. data. The same com-
parison for Corydon-Millerton with Clarinda show ed a 15% decrease in 
the ratio for the last 3 years when Corydon-Millerton recorded at 8 
A. M. compared with the earlier years when observations w ere made at 
6 P. M. These changes were relatively close to those measured by 
Newman(l971). The location change from Millerton to Corydon in 195 1 
resulted in a 5 % change in the ratio. 
One other significant change of observation time occurred during the 
period of data used. In 1964 the observation time at Fairfield changed 
from 6 P. M. to midnight. The effect of this was a 4% decrease in the 
ratio compared with Cedar Rapids. 
All means were adjusted to the present location, 6 P. M. reading, so 
that comparable isolines could be produced. Before using the data for 
current observations an adjustment of 13% needs to be made to convert 
the readings from Storm Lake and Corydon to those comparable to 6 
P. M. stations, and the Fairfield record (midnight) needs a +4% adjust -
ment to make it comparable to a 6 P. M. station. All stations would then 
be compa;reable, although somewhat high. The number of growing-degree 
units available at each station for the various starting dates are given in 
Tables 3 through 12 for sever al probability levels. Data necessary to 
compute probabilities for states other than Iowa are given in AppendixII 
and Table 13. In the form presented, the given probability is the chance 
of receiving the indicated number of growing -degree units or more in a 
given growing season. For a season not terminated by a freeze, and 
Table 2. Average standard deviation in H by selected periods 
for northern, central, and s outhern Iowa stations. 
Section of 4/12 to 4/19 to 4/ 26 to 5/3 to 5/10 to 
state end pt. end pt. end pt. end pt. end pt. 
Northern 198 190 194 176 166 
Central 212 206 200 19'.3 188 
Southern 246 239 235 227 217 
5/17 to 5/24 to 5/31 to 
end pt. end pt. end pt. 
164 163 160 
180 179 179 
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Table 3. The number of H that may be expected to accumulate at Rock Rapids , 
Iowa, during the g rowing season for various s tarting dates and proba -
bility levels based on data from 1941 to 1970. 
Growth Probabilit;)~, in Eercent, of receiving given value or mor e 
Period 100 90 80 75 70 60 50 25 10 
4/12 to 
1 
2326 2545 2633 2666 2696 2749 2799 2932 3053 
end point 
4/19 to 2321 2515 2598 2631 2659 2710 2758 2885 3001 
end point 
4/ 26 t o 2313 2472 2553 2585 2612 2662 2708 2831 2944 
end point 
5/3 to 2221 2421 2498 2528 2554 2602 2646 2764 2871 
end point 
5/10 to 2 1 6~ 2367 2440 2469 2494 2538 2580 269 1 2793 
end point 
5/17 to 2089 2294 2366 2394 2419 2463 2504 26 14 27 14 
end point 
5/24 to 1988 2208 2280 2308 2332 2376 2417 2526 2626 
end point 
5/3 1 to 18<JO 2ll2 2182 2210 2234 2277 2317 2424 2522 
end point 
6/7 to 1842 2017 2083 2108 2130 217G 2207 2306 2397 
end point 
6/ 14 to 1751 1898 1962 1587 zoos 2049 2085 2183 227 2 
end point 
End point taken as October 10 if a k i lling frost (30 ° F or less) had not occurred 
by this date . 
Table 4 . The number of H that may be expected to accumulate at Storm Lake , 
Iowa, during the growing season for various starting dates and p rob a -
bilit y levels based on data from 1941 to 19 70 . 
Gro\Yth Probabilit;t , in Eercent, of receiving given value or more 
Period 100 90 80 75 70 60 50 25 10 
4/12 to 
end point 
1 2324 2642 2730 2763 2793 2846 2896 3029 3141 
4/19 to 2297 26 13 2696 27 2S 2757 2808 2856 278 3 3099 
end point 
4/26 t o 2274 2571 2652 2684 27ll 2761 2807 zc,30 3043 
end point 
5/3 to 2218 2512 2598 2628 2654 2702 2746 28 64 2521 
end point 
5/10 to 2167 2461 2540 2569 2594 2638 2680 2791 289 3 
end point 
5/17 to 2086 2395 2467 2495 2520 2564 2605 2715 2815 
end point 
5/24 to 1984 2309 2381 2409 2433 2477 2518 2627 27 27 
end point 
5/31 to 1891 2215 2285 2313 2337 2380 2420 2527 2625 
end point 
6/7 to 1826 2ll8 2184 2209 2231 227 1 2308 2407 2498 
end poin t 
6/14 to 17 37 1997 206 1 2086 2108 2148 218 4 2282 2371 
end point 
1 
End poi n t t aken a s Oc tobe r 10 if a kill ing fro s t (30 ° F or l ess ) had not occurr ed 
by t h i s da t e. 
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Table 5 . The number of H that may be expected to accumulate at Mason City, 
Iowa, during the growing season for various starting dates and 
probability levels based on data from 194.1 to 1970. 
Growth Probabilit):'., in Eercent, of receiving given value or more 
Period 100 so 80 7S 70 60 so 2S 10 
4/ 12 to 22S3 2427 2SlS 2S48 2S78 2613 2681 2814 2S35 
end poinr. 1 
4/19 to 2238 2404 2487 2S20 2S48 2SS9 2647 2744 2890 
end point 
4/ 26 to 2207 2366 2447 2479 2S06 2SS6 2602 27 2S 2838 
end point 
S/3 to 2191 2320 2397 2427 24S3 2S01 2S4S 2663 2770 
end point 
S/ 10 to 2147 2269 2342 2371 2396 2440 2482 2S93 269S 
end point 
S/17 to 2081 2202 2274 2302 2327 2371 2412 2S22 2622 
end point 
S/24 to 1S79 2120 2192 2220 2244 2288 232S 2438 2S38 
end point 
S/31 to 1884 2031 2101 212S 21S3 2196 2236 2343 2441 
end point 
6/7 to 181S 1938 2004 2029 20S l 2091 2128 2227 2318 
end point 
6/ 14 t o 1700 1821 188S 15 10 1932 1972 2008 2106 219S 
end point 
End point taken as Octobe r 10 if a killing frost (30 ° F or less) had not occurred 
by this date. 
Table 6 . The number of H that may be expected to acc'umulate at Fayette, Iowa, 
during the g row ing season for va rious starting dat es and probability 
levels based on data from 1941 to 1970. 
Gro wth Probabilit):'., in Eercent, o f receiving given value or more 
Period 100 90 80 7S 70 60 so 2S 10 
4/12 t o 1 
2290 2416 2S04 2537 2S67 2620 2670 2803 2924 
end point 
4/19 to 2260 2389 2472 2SOS 2S33 2S84 2632 2759 287S 
end point 
4/ 26 t o 2239 2347 2428 2460 2487 2S37 2S83 2706 2819 
end point 
S/3 to 2233 2297 2374 2404 2430 2478 2522 2640 2747 
end point 
S/ 10 t o 2176 2242 231S 2344 2369 2413 24SS 2S66 2668 
end point 
S/17 t o 2098 2174 2246 2274 2299 2343 2384 2494 2S94 
end point 
S/ 24 t o 199S 2090 2162 2190 2214 22S8 2299 2408 2S08 
end point 
S/31 t o 1898 2000 2070 2098 2122 216S 220S 2312 2410 
end point 
6/7 to 1819 1907 197 3 1998 2020 2060 2097 2196 2287 
end point 
6/14 t o 168S 1790 18S4 1879 1901 1941 1977 207S 2164 
end po int 
End point taken as October 10 if a killing frost (30° F or less) had not occurred 
by this date. 
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Table 7 . The number of H that may be expected to accumulat e at Denison , Iowa, 
during the growing season for va riou s starting date s and probability 
leve ls based on data from 1941 to 1970 . 
Growth Probabilitl, in Eercent , of receiving given value or more 
Period 100 90 80 75 70 6(, so 2S 10 
4/ 12 to 1 
2477 2668 2761 2797 2825: 2886 2939 3081 3210 
end point 
4/19 t o 2467 2632 2702 2723 27S8 2844 2896 3034 3160 
end point 
4/ 26 t o 2411 2S86 2674 2708 2738 2792 2842 2976 3098 
end point 
S/ 3 t o 2362 2S32 2617 26SO 2679 27 31 2779 2908 3026 
end point 
5/10 to 2308 2468 2SS 1 2S83 2611 2662 2709 283S 29SO 
end point 
S/17 t o 2229 2398 2478 2S08 2S34 2S84 262S 27SO 2860 
end poin t 
S/24 t o 2124 2311 2389 2420 2446 2494 2S39 26S8 276 7 
end point 
S/31 t o 202S 2208 2287 2317 2344 2392 2437 2SS7 2666 
end point 
6/7 t o 19S4 2102 2178 2207 2233 2280 2323 2439 2S44 
end point 
6/ 14 to 18S 7 197S 20S2 2082 2108 21SS 2199 2316 2423 
end point 
1 End point taken as October lS if a killing frost (3C ° F or less) had not o ccurred 
by this date. 
Table 8 . The number of H that may b e expected to accumulate at Ames, Iowa, 
during the g rowing season for various s tarting dates and probability 
l evels based on data from 1941 to 19 70. 
Growth Probabi litl, i n Eercent, of receiving given values or more 
Period 100 90 80 7S 70 60 SC 25 10 
4/12 t o 1 2S32 
2741 2834 2870 2902 29S9 3012 3154 3283 
end point 
4/19 to 2Sl5 2705 2796 2831 2862 2917 2969 3107 3233 
end point 
4/ 26 to 2463 2659 2747 2781 2811 2864 2915 3049 3171 
end point 
5/3 t o 2436 2602 2687 2720 2749 2841 2849 2978 3096 
end point 
S/ 10 to 238S 2S35 2618 2650 2678 2729 2776 2902 3017 
end point 
5/17 to 2336 2464 2S44 2S74 260 1 2650 2695 2816 2926 
end po int 
S/ 24 t o 2222 237S 2453 2484 2Sl0 2SS8 2603 2722 2831 
end poin t 
S/ 31 t o 2117 2271 23SO 2380 2407 245S 2SOO 2620 2729 
end point 
6/7 to 203S 2164 2240 2260 229S 2342 2385 25(,1 2606 
end point 
6/14 t o 1933 203S 2112 2142 2168 2215 2259 2376 2483 
end point 
End po i n t taken as October lS if a kill ing frost (30 ° F or less) had not occurred 
by this date. 
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Table 9. The number of H that may be expected t o accumulate at Cedar Rapids , 
Iowa, during the growing season for v arious starting dates and 
probability levels based on dat a from 194 1 to 1970 . 
Growth Probabilitl, in Eercent 1 of receiving given value or more 
Period 100 90 80 75 70 60 50 25 10 
4/ 12 t o 
1 
2604 2792 2885 292 1 2953 30 10 3063 3025 3334 
end point 
4/19 t o 2534 27 55 2846 2881 2912 2967 3019 315 7 3283 
end point 
4/26 t o 2521 2706 2794 2828 2858 2912 2962 3096 32 18 
end point 
5/3 to 2471 2647 27 32 2769 2794 2846 2894 3023 3141 
end point 
5/10 t o 2441 2577 2668 2692 2720 2771 2818 2944 3059 
end point 
5/ 17 t o 2395 2507 2587 26 17 2644 2693 2738 2859 2969 
end point 
5/ 24 t o 2303 2417 2495 2526 25 5 2 2600 2645 2764 2873 
end point 
5/31 to 2190 23ll 2390 2420 2447 2495 2540 2660 2769 
end point 
6/7 t o 2074 2199 227 5 2304 2330 2377 2420 2536 2641 
end point 
6/14 t o 1919 2064 2141 2171 2197 2244 2288 2405 2512 
end point 
End point taken a s October 15 if a killing fro st (30 ° F or less) had not occurred 
by this date. 
Table 10. The number of H that may be expected to accumu late at Clarinda, Iowa, 
during the growing season for various starting dates and probability 
levels based on data from 194 1 to 1970. 
Growth Probabilitl 1 in Eercent 1 of receiving given value or more 
Peri od 100 90 80 75 70 60 50 25 10 
4/12 t o 1 
2848 2938 3046 3086 3125 3191 3253 3428 3568 
end point 
4/ 19 to 2768 2893 2998 3039 3075 3139 3199 3359 3505 
end poi nt 
4/ 26 t o 2737 2830 2934 2974 3009 3072 3131 3288 3432 
end point 
5/ 3 to 2672 2766 2866 2905 2939 3000 3057 3209 3348 
end point 
5/ 10 to 2632 2696 2792 2829 2861 2920 2974 3ll9 3252 
end point 
5/17 t o 2529 2623 2712 2747 2777 2831 2882 3017 3141 
end point 
5/24 t o 2420 2520 2609 2644 2674 2728 2779 2914 3038 
end point 
5/31 t o 2315 2407 2495 2529 2559 2613 2663 2797 2919 
end point 
6/7 to 2209 2291 2379 2409 2438 2490 2538 2667 2785 
end point 
6/14 to 2057 2149 2234 2267 2296 2348 2397 2527 2645 
end point 
End point taken as Octob er 20 if a killing frost (30 ° F or less) had not occurred 
by this date. 
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Table 11. The number of H that may be expected to accumulate at Corydon, Iowa, 
during the g rowing season for various starting dates and probability 






4/ 19 t o 
end point 
4/ 26 t o 
end poin t 
5/3 t o 
end point 





end poin t 
5/ 31 to 
end point 
6/7 t o 
end point 
6/ 14 t o 
end po int 
Probability , in percent, of receiving given value or more 
100 90 80 7 5 70 60 50 25 10 
2718 3061 3169 3211 3248 3314 3376 3541 3691 
2685 3015 3122 3164 3201 3266 3326 3488 3637 
2624 2961 3065 3105 3140 3203 326 2 3419 3563 
2611 2887 2987 3026 3060 3121 3178 3330 3469 
2521 2818 2914 2951 2984 3042 3096 3241 3374 
2440 2749 2837 287 2 2902 2958 3007 3142 3268 
2339 2647 2735 2770 2800 2856 2905 3040 3163 
2242 2537 2625 2660 2690 2746 2795 2930 3053 
2151 2419 2504 2537 2566 2618 2666 2795 2913 
2012 2279 2364 2397 2426 2478 2526 2655 2773 
End poin t taken as October 20 if a killing frost (30° F or less) had not occurred 
by this date. 
Table 12. The number of H that may be expected to accumul ate at Corydon, Iowa, 
during the g rowing season for v ariou s s tarting d ates and probability 
lev els based on data from 194 1 to 1970 . 
Growth 
Period 






5/3 t o 
end point 
5/ 10 to 
end point 










Probability, in percent, of receiving given value or more 
100 90 80 75 70 60 50 25 10 
2836 2993 3101 3143 3180 3246 3308 3473 3623 
2768 2954 3059 3100 3136 3200 3260 3420 3566 
2746 2895 2999 3039 3074 3137 3196 3353 3497 
2691 2830 2930 2969 3003 3064 3121 3273 3412 
2663 2763 2859 2896 2928 2987 3041 3186 3319 
2583 2693 2782 2817 2847 2901 2952 3087 3211 
2472 2593 2682 2717 2747 2801 ·2852 2987 3111 
2377 2484 2572 2606 2636 2690 2740 2874 2996 
2262 2364 2449 2482 2511 2563 2611 2740 2858 
2112 2222 2307 2340 2369 2421 2470 2600 2718 
End point taken as October 20 if a killing frost (30° F or less) had not occurred 
by this date . 
• 2750 




Figure 3. The minimum number of H that would be expected to accumulate 
in 3 years out of 4 during the period May 3 to fall end point. 
2600 
Figure 4 . Comparison of H based on first - order and cooperative weather sta -
tions. The solid lines re present the values , based on first-order 
stations , given in June 22 , 1970 map in Weekly Weather and Crop 
Bulletin. Dashed lines represent values obtained from cooperative 
climatological s tations for the s a me days for the 193 1-60 period, 
These data are fo r the period May 10 to Oc t ober 10. 
. 2360 
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with late maturing crops, the values given will under -estimate the 
growing-degree units available. In Figure 3, the number of growing 
units that wou ld be expected in Iowa between May 3 and the fall end 
point with a 75% probability are shown. Other isoline maps can be pro-
duced from the tabular data if desired. 
With the May 3 starting date, the minimum number of growing -de -
gree units that would be expected 3 years out of 4 ranges from less than 
2, 400 in northeastern Iowa to more than 3, 000 in southeastern Iowa. 
The variation in western Iowa is not as great, ranging between 2, 5 00 
and 2, 900 over most of the area. Being somewhat drier because of less 
winter and spring moisture, the northwestern area of the state tends to 
warm up ealier in the spring, thus giving a higher growing-degree-unit 
accumulation than that in northeastern Iowa; which tends to be cold and 
wet in the spring. 
First-order and cooperative stations: 
The data used by the EDS are from first -order stations, mostly lo-
cated in or near large cities. Temperatures at these stations tend to be 
warmer than those at nearby cooperative stations. These higher tem-
peratures result in a larger growing-degree -unit accumulation at the 
first-order stations. Because the Iowa record has been mostly recorded 
in the P. M ., resulting in an upward bias in the growing-degree units for 
the cooperative stations, the real difference between these types of sta-
tions would actually be larger than that shown. 
To demonstrate the difference between the two types of stations, data 
from the EDS stations and the ten Iowa stations used in this study were 
compared for identical periods. The resulting values for cooperative 
and first-order stations were placed on a map of Iowa (Figur e 4), and 
isolines drawn. It is evident from this map that the difference in accu-
mulation at the two types of stations is considerable. The solid lines 
show the first-order-station values, and the dashed lines show the coop-
erative station values. On the average, H values calculated for the first-
order stations are 100 units higher than those for cooperative stations. 
For 7 A. M. stations, the differences would be larger. The 100 unit dif-
ference represents a measureable difference in growing-degree units 
when used for evaluating the suitability in terms of maturity for some 
crops. In applying growing-degree units, the user should be sure that 
the weather data for crop maturity ratings and growing-degree units 
come from the same type of weather station. 
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Appendix I. Station descriptions 1 
Rock Rapids: Station No . 137147 
Lyon County; 43 ° 26 1 latitude, 96 ° 10 1 longitude; observations taken 
in PM through 12/31 / 69, 8 AM readings started 1/ 1/ 70. All observa-
tions taken in residential part of town. Good exposure. Presently lo-
cated at the Municipal Power Plant. Record began 4/24/1893. 
Storm Lake: Station No. 137979 
Buena Vista County; 42 ° 38 1 N latitude, 95 ° 11 1 longitude. In 1941, 
site moved to DeKalb plant 1 mile E of post office. On 12/1 /1948 , the 
site relocated 2 miles E of Storm Lake at the transmitter site of radio 
station KAYL. Observations in PM until 4/1/58 when observations 
changed to AM. Record began 10 / 14/1898. 
Mason City: Station No. 135230 
Cerro Gordo County; 43° 11 1 N latitude, 93° 12 1 longitude; observa-
tions taken in PM. Since 8 / 1 / 1918, observations made at the American 
Crystal Sugar Plant, 3 mile N of Mason City. Good exposure. Record 
began 1 /25 /18 97. 
Fayette: Station No. 132864 
Fayette County; 42° 50 1 N latitude, 91° 48 1 longitude; observations 
taken at 6 PM. Station located in rolling residential area. Observa-
Information supplied by Mr. P. Waite, NOAA State Climatologist for 
Iowa, Des Moines, Iowa. 
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tions started 6 / 1 / 1888. 
Denison: Station No. 132171 
Crawford County; 42 ° 02' N latitude, 95 ° 20' longitude; observation 
taken at 6 PM. Locations rural upland since 3/1 / 32. Presently lo-
cated NE of Denison. Record began in 18 9 1. 
Ames: Station No. 130200 
Boone County; 42 ° 02' N latitude, 93 ° 48' longitude; observations tak-
en at 5 -6 PM. Station located on Iowa State campus until 9 / 1 /18 when 
moved 3 miles SW of post office to the Agronomy Farm. On 10 /1 /64 
the record was transferred to the Agronomy-Agricultural Engineering 
Research Center, 8 miles WSW of Ames. Record continuous since Janu-
ary 1888 (intermittent 1869-1883). 
Cedar Rapids: Station No. 13131 9 
Linn County; 42° 02' N latitude, 91° 35' longitude; observations taken 
at 6 PM. Located in residential portions of the city. Continuous record 
since January 1896. 
Clarinda: Station No. 131533 
Page County; 40 ° 44' N latitude, 95 ° 01 1 longitude; observations taken 
at 6 PM. Located at rolling site in town until moved 1 mile E to the 
Waterworks in December 1887. 
Corydon: Station No, 131848 
Wayne County; 40 ° 45' N latitude, 93 ° 19' longitude; observations cur-
rently taken at 7 AM, recorded at 6 PM until 4 / 1 / 68. Station was lo-
cated in Corydon prior to 4/1 / 36, in Millerton from 4 / 1 / 36 to 5 / 1 / 51, 
and returned to residential site in Corydon where presently located. Re-
cord began in June 1902. 
Fairfield: Station No. 132789 
Jefferson County; 41 ° 02' latitude, 91 ° 57' longitude. Station located 
at the Fairfield Waterworks in town at a rolling location. Record began 
1 / 1 / 1888. Continuous record since 1 / 1 / 1893. Observations in PM un-
til 1 / 1 / 64 when changed to midnight. 
FELCH, SHAW, and DUNCAN 461 
Appendix II. Computing probabilities for stations outside of Iowa 
The probability levels of growing-degree units given in Tables 3-12 
for Iowa can be computed for stations outside Iowa by using the follow-
ing information. In Table 13, the mean seasonal growing-degree units 
for each station for each starting date are given. Use these means and 
the average standard deviations given in Table 2 as follows: For Wis -
consin, Minnesota, and Soth Dakota stations, use the northern Iowa 
standard deviation; for Mt. Carroll, Illinois, use that for central Iowa; 
and for Monmouth, Illinois and Missouri stations, use the standard de-
viation for southern Iowa. The g rowing -degree units for each proba-
bility can then be computed as follows: 
90% =mean - 1. 28 x std. dev. 
80% = mean - 0.84 x std. dev. 
75 % = mean - 0. 67 x std. dev. 
10% = mean - O. 52 x std. dev. 
60% = mean - o. 25 x std. dev. 
50% = mean 
25% mean + 0.67 x std. dev. 
10% = mean + 1. 28 x std. dev. 
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RELATION OF HORTICULTURAL CHARACTERISTICS 
OF PEPPERS TO DAMAGE BY LARVAE OF THE 
EUROPEAN CORN BORER1 
J. L. Jarvis 2 and W. D. Guthrie 3 
ABSTRACT. When introductions of pepper, Capsicum annuum L., were 
evaluated in the field for resistance to larvae of the European corn bor-
er, Ostrinia nubilalis (Hubner), by artificially infesting the fruits with 
laboratory-produced egg masses at the rate of one egg mass per fruit, 
c~ercial types differed in resistance. Larval survival and damage 
were highest 100% on pimiento peppers; next in order of susceptibility 
were bell (71. 1%), paprika (53. 6%), chile (35. 9"/o), nondescript (30. 6%), 
cayenne (29. 7%), tabasco (20. 1%), and ornamental peppers (10. 7%). 
Larger pods were more heavily damaged than smaller pods. Bell-
shaped peppers were most susceptible (63. 9°/o), followed by conical 
(37.5%), elongate (30.4%), round (30. O'.t), ahd oblate (17. 9%). Finally, 
only 12. 1 % of the very pungent peppers were damaged compared with 
(35. 0%) of the pungent peppers and 73.0%) of the sweet peppers. 
Laboratory tests demonstrated that the pungent prinCiple in pep-
pers, capsaicin, may be one reason for resistance of pungent and very 
pungent peppers. When capsaicin was incorporated into a meridic diet 
and fed to newly hatched borer larvae, their survival was greatly re -
duced by concentrations as low as 0. 062%. 
The European corn borer, Ostrinia nubilalis (Hubner), is an im-
portant pest of cultivated pappers, Capsicum annuum L., though damage 
is limited almost entirely to the sweet cultivars. The larvae of this in-
sect infest the fruit and feed internally on the placenta, the immature 
seeds, and the pericarp, which makes the fruit unmarketable. Earlier, 
effective control of European corn borer in peppers was obtained with 
weekly sprays of DDT (Burbutis et al., 1960, 1962), but control with sys -
temic insecticides has not been adequate, that is, commercially accep-
table (Ryder et al., 1969). Therefore; control of the pests by host plant 
resistance is being investigate<l. 
Journal Paper No. 7063 of the Iowa Agriculture and Home Economics 
Experiment Station. Project No. 1018. 
2 Research Entomologist, Entomology Research Division, Agricultural 
Research Service, U.S. D. A., North Central Regional Plant Introduction 
Station, Ames, Iowa 50010. 
3 Research Entomologist, Entomology Research Division, Agricultural 
Research Service, U.S. D. A., Ankeny, Iowa 5001 O. 
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No varieties of pepper are known to be resistant to larvae of the 
European corn borer, but 'Yolo' and bullnosed peppers are very suscep-
tible and the hot (pungent) varieties are much less attractive (Guyer and 
Wells, 1961). Therefore studies were made to locate a source of resis-
tance in peppers. Also, we wished to determine the relation of horti-
cultural characteristics of peppers to resistance to the borer. 
FIELD TESTS 
Methods and materials: 
A total of 120 pepper plant introductions (obtained from the 
Southern Regional Plant Introduction Station, Experiment, Georgia) and 
four commercial cultivars were evaluated at Ames, Iowa for resistance 
to larvae of the European corn borer. The seeds were planted in peat 
pots in the greenhouse, and the seedlings were later transplanted to the 
field as soon as there was no longer the danger of a killing frost. 
Horticultural characteristics of the plant introduction material 
were previously reported by Corley (1970). Horticultural characteris -
tics of the eight commercial types of peppers (bell, pimiento, paprika, 
tabasco, chili, cayenne, ornamental, and nondescript) used in this test 
may be described as follows. Bell peppers are blocky, have thick walls 
with three or four lobes, and are usually sweet. Pimientos are conical 
or heart-shaped with thick, sweet flesh. Paprika peppers are conical or 
elongate with thick walls; the flesh is either sweet or mildly pungent. 
Tabasco peppers are small, elongate, thin-walled, and usually very 
pungent. Chili peppers are elongate with thick, pungent flesh. Cayenne 
peppers have elongate fruits that are slightly curved and are thin-walled 
and pungent. Ornamental peppers have fruits of various shapes but are 
brightly colored and usually show above the foliage. Nondescript pep-
pers do not fit any of these categories. 
Other horticultural characteristics of peppers that were evalu-
ated in relation to larvae of the European corn borer included pungency, 
pod size, and pod shape. Pungency refers to the hot, burning taste of 
certain peppers and results from the presence of the alkaloid capsaicin, 
(4-hydroxy-3-methoxybenzyl)-8-methylnon-trans -6-enamide. 
When fruits of the test peppers were well developed and nearing 
maturity, the plants were artificially infested with one application of one 
laboratory-produced egg mass (about thirty eggs) of the European corn 
borer(Guthrie et al., 1965) per fruit by pinning the masses on stems as 
near as possible to the fruits. Masses were not pinned to the peduncle of the 
fruit because previous experience showed that this practice frequently 
caused the fruits to drop from the plants. The applications were made 
on three different dates: August 5, August 25, and September 9, 1970, 
because of differences in maturity among the accessions. The level of 
larval survival and damage in peppers was determined about four weeks 
posttreatment by dissecting the fruits and examining them for evidence 
of infestation. Also, numbers of infested fruits and numbers of larvae 
were recorded. Any pepper that showed evidence of damage by the bor -
er was considered infested but no attempt was made to distinguish 
--among levels of infestation inasmuch as any level is unacceptable in 
commercially produced peppers. 
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Results: 
The effect of pungency of peppers on infestation by larvae of the 
European corn borer is shown in Table 1. Very pungent peppers had the 
lowest level of damage and no surviving larvae; sweet peppers had the 
heaviest damage . Thus the capsaicin content of peppers is related to 
resistance to infestation by larvae of the European corn borer. 
Table 1. Relation of pungency of peppers to survival and damage by 
larvae of the European corn borer . Ames, Iowa, 1970. 
Total Number of 
Percentage Larvae per 
Number of Number of Infested Pungency 
Pungency Accessions Fruits Fruits Classification 
Very Pungent 9 140 12. 1 0 
Pungent 88 2137 35. 0 144 
Sweet 27 470 73.0 185 
The relation of commercial type peppers to infestation by larvae 
is shown in Table 2. Ornamental and tabasco peppers had the lowest 
level of damage and appeared to have a g ood level of resistance to the 
borer; nondescript, cayenne, and chili peppers had a moderate effect; 
paprika and bell peppers were susceptible; and pimientos were highly 
susceptible. However, in our test almos t all ornamental, tabasco, non-
descript, cayenne , and chile peppers were either pungent or very pun-
gent; the paprika, bell, and pimiento peppers were mostly sweet. Thus, 
pungent types probably affected the level of borer infestation much more 
than sweet types. Eden (1956) reported economically important damage 
to pimientos by borer larvae in Alabama, but no damage to any other 
commercial type. 
Table 2. Relation of commercial type of peppers to survival and dam-
age by larvae of the European corn borer. Ames, Iowa, 1970. 
Percentage Total Number of 
Commercial Number of Number of Infested Larvae per Com-
Type Accessions Fruits Fruits mercial Type 
Ornamental 3 103 1 o. 7 3 
Tabasco 12 308 20. 1 6 
Cayenne 19 391 29.7 12 
Nondescript 12 294 30.6 12 
Chili 26 571 35. 9 55 
Paprika 19 519 53.6 95 
Bell 21 339 71. 1 113 
Pimiento 2 32 100.0 26 
466 JARVIS and GUTHRIE 
The effect of pod shape of peppers on infestation by larvae of 
the European corn borer is shown in T able 3. The oblate peppers had 
the lowest level of larval survival and damage. The round, elongate, 
and conical peppers all had a moderate level of larval survival and 
damage. The bell-shaped peppers were most susceptible. 
Table 3. Relation of pod shape of peppers to survival and damage by 
larvae of the European corn borer. Ames, Iowa, 1970. 
Percentage Total Number 
Number of Number of Infested of Larvae per 
Pod Shape Accessions Fruits Fruits Pod Shape 
Oblate 4 78 17. 9 3 
Round 2 50 30.0 10 
Elongate 62 1436 36.4 122 
Conical 31 770 37. 5 73 
Bell 25 404 63.9 115 
The relation of pod size to infestation by larvae is shown in Ta-
ble 4. The larger peppers were more heavily damaged and had a 
greater number of surviving larvae than did the smaller peppers. Smal-
ler peppers, however, being generally more pungent than larger pep-
pers may account for pod size influencing borer infestation. 
LABORATORY TESTS 
Methods and material: 
The laboratory tests were conducted to determine the effect of 
capsaicin on survival and development of larvae of the European corn 
borer. Thus, concentrations of synthetic capsaicin (dissolved in 95% 
ethanol were incorporated into a meridic diet prepared by using stan-
dard methods (Lewis and Lynch, 1969). Then newly hatched larvae were 
placed individually on "plugs" of diet in 3 -dram vials with a small ar -
tist brush, and the vials (on trays) w ere incubated at about 80 °F and 
70% relative humidity. Seven replications, each containing thirty-four 
vials (238 larvae) were tested with each level of capsaicin. The cri-
teria used in evaluating the effect of capsaicin on larval survival and 
development were: (1) percentage survival to pupation, (2) percentage 
survival to adults, ( 3) days to pupa ti on, and ( 4) weight of female and 
male pupae. The long-term effect of capsaicin on the survival and de -
velopment of larvae was not determined. 
The arcsin transformation was used in computing the analysis of 
variance for percentage survival to pupation and percentage survival to 
adults. Difference's between means of the transformed data (5% level of 
probability) were used to interpret the actual percentages. 
Results: 
The effects of capsaicin added to a meridic diet on the survival 
and development of larvae of the European corn borer are shown in Ta-
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Table 4. Relation of pod size of peppers to survival and damage by lar-
vae of the European corn borer. Ames, Iowa, 1970. 
Pod Length Number of Number of Number of Percentage In-
(cm) Accessions Fruits Borers fested Fruits 
Pod Width: 1-2 cm 
1-3 2 24 0 0 
4-6 15 451 28 32. 1 
7-9 19 454 9 21. 1 
10-12 7 128 7 35 . 1 
13-15 2 42 7 59.5 
16-18 19 47.4 
Pod Width: 3 -4 cm 
1 -3 2 44 0 4.5 
4-6 10 283 13 34. 3 
7 -9 19 486 34 35.4 
10-12 4 74 9 43.2 
13-15 9 159 35 59.7 
Pod Width: 5-6 cm 
4 -6 2 55 0 20.0 
7 -9 9 149 38 55. 7 
10-12 4 83 32 77. 1 
13-15 5 116 29 58.6 
16-18 23 14 91. 3 
Pod Width: 7-8 cm 
4-6 1 16 18. 7 
7-9 4 78 27 64. 1 
10-12 7 119 34 67.2 
13-15 1 12 7 100.0 
ble 5. 
No larvae survived when the diet contained O. 5% capsaicin, and 
survival was less than 10% on diets containing as little as 0. 062%cap-
sa1c1n. However, larval survival increased as the percentage of cap-
saicin decreased: as little as O. 008% in the diet gave a larval survival 
of 69. 3 % compared with 94 . 9% on a capsaicin-free diet. Concentrations 
as low as 0. 004%, 0. 002%, O. 001%, and O. 0005 % capsaicin resulted in 
survival that was slightly lower than that in the control, but the differ -
ence was not statistically significant at the 5% level of probability. Sur-
vival to adults was highly correlated with survival to pupation. Thus, 
capsaicin in the diet apparently did not affect moth emergence once pu-
pation occurred. 
The number of days to pupation and the pupal weights were af-
fected by capsaicin but only at higher concentrations. At O. 062% and 
lower, days to pupation and mean pupal weights did not differ signifi-
cantly from the control. Thus, capsaicin in the diet affected larval sur-
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Table 5. Relation of capsaicin in a meridic diet to surv ival and devel-
opment of the European corn borer. a Ankeny, Iowa, 1971. 
Cap s aic i n • 
Percentag e Percentage Percentage Number Pupal Weighta 
in Standard Survival to Survival to Days to (mg) 
Diet Pupation a Adult P u pation a ~ er 
Experiment 1 
o. 5 0 a 0 a 
0.25 0.4 a 0.4 a 28 .0 a 60 . 0 a 
0. 125 6. 7 b 5. 9 b 21. 6 b 60. 7 a 56.6 a 
Control 9 3. 2 c 89.8 c 1 7. 3 c 98 . 7 b 74.5 b 
Experimen t 2 
0.062 8.8 a 8.8 a 17. 7 92.5 72. 1 
0.031 58. 8 b 55.4 b 17. 0 96 . 9 73. 9 
o. 015 62.2 be 57. 1 be 16.4 96 . 6 74.6 
0.008 69 . 3 c 64. 3 c 16. 8 99 .0 73. 8 
Control 94. 9 d 88.5 d 15. 1 105. 5 75.4 
Experiment 3 
0.004 8 9 . 1 8 4. 9 14. 5 110. 5 79.6 
0.002 88.2 8 5.7 14.4 111. 6 81. 3 
o. 001 8 9 .5 8 5. 3 14.5 112. 6 80.6 
0.0005 89. 3 86. 1 14.4 112. 1 81. 1 
Control 93.2 88.6 14. 5 111. 7 80.8 
aMeans within each column follow ed by the same letter do not differ 
significantly at the 5% level of probability. 
vi val much more than days to pupation and pupal weights. 
DISCUSSION 
Before relating the results of laboratory studies to field data, 
we had first to ascertain the content of capsaicin in field- g rown peppers. 
This content may vary somewhat with soil and climatic conditions (Er -
win, 1932), but Ohta (1962), after a detailed study of the d i stribution of 
capsaicin in several varieties of peppers of variable pungency, reported 
0. 24 % in the pericarp and 1. 93% in the placenta and interlocular septa 
of the very pungent v ariety. The pungent v ariety had a capsaicin con-
tent of 0. 0 3 % in the pericarp and O. 22% in the placenta and interlocular 
septa. Also, sweet peppers are known to contain no capsaicin. Several 
investigators have determined that pungency in peppers is controlled by 
a single dominant gene (Deshpande, 1935; Odland, 194 8; Ramiah and Pillai, 
19 35), therefore sweet peppers could not contain even traces of capsaicin. 
If we assume that the very pungent peppers grown in the field at 
Ames had about the same amount of capsaicin as those examined by Oh-
ta, then, from data in Table 5, European corn borer larvae could not 
feed on the placenta or interlocular septa of these peppers but could feed 
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to a limited extent on the pericarp. This assumption is supported by 
the data shwon in Table 1. The very pungent peppers grown in the field 
were fed on to a limited extent, but no larvae wer e able to survive, 
Also, if the content of capsaicin of pungent peppers grown in the field 
at Ames is about the same as those of the peppers examined by Ohta, 
then larvae could feed to a limited extent on the placenta and interlocu -
lar septa and could feed and survive on the pericarp. Again this as -
sumption is supported by the data in Table 1. Pungent peppers sus -
tained a moderate level of damage as well as some surviving larvae. 
Sweet peppers, which contain no capsaicin, had a high level of damage 
and numerous surviving larvae. 
Pungent peppers therefore have a good level of resistance to the bor -
er, but this resistance occurs, at least in part, because of the presence 
of capsaicin. Since pungency is controlled by a single dominant gene, 
highly pungent peppers cannot be used as donor parents to increase re -
sistance to the borer in sweet peppers (assuming that pungency is the 
only resistance factor in all pungent pepper cultivars). Thus, it may be 
necessary to locate other types of resistance that may be present in 
sweet peppers. 
In the laboratory experiments, we assumed that synthetic cap-
saicin gave the same results as natural capsaicin. We did not use natu-
ral capsaicin because the cost was prohibitive ( $105. 00 per gram com-
pared with $ 7. 00 per gram for synthetic capsaicin). 
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